Introduction {#s1}
============

In muscle product lipid oxidation is mainly responsible for deterioration of quality during storage, and it can cause unpleasant tastes, off-flavors, color changes, and rheological property changes ([@r013]). These oxidative reactions also can diminish the nutritional quality of product, and form toxic compounds ([@r037]). Especially, ground meat is highly susceptible meat products on lipid oxidation and putrefaction during processing, and storage, since grinding procedure provokes increment of meat surface area exposed to air, loss of intracellular reductants, and contamination by microorganisms ([@r026]; [@r033]).

Many efforts have been made to decrease those issues and increase the shelf life of meat products such as production of higher quality of meat, and addition of antioxidants. Recently, sulfur has been fed in pigs, and ducks to produce meat of quality. Sulfur, which is an inorganic element, is one of the major metabolic nutrients, and biologically essential because of its cooperation with amino acids, proteins, enzymes, vitamins and other components ([@r001]). Sulfur compounds are also known to have antioxidant, anti-inflammatory, antimicrobial, and anticancer activities ([@r004]). However, sulfur itself has toxicity to human when taken directly, hence it should be used after attenuation process or in a natural form of methylsulfonylmethane ([@r006]; [@r017]). [@r019] reported that sulfur-fed pigs showed low lipid oxidation rate and higher sulfur content than non-sulfur-fed pigs.

Addition of synthetic antioxidants, including butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) also decreases lipid oxidation rate ([@r032]). However, those compounds may cause health risks. Several studies have shown that BHA is a potential lesion formation in the rat forestomach, and BHT may occur internal and external haemorrhagie when used at high doses which is enough to lead to death in some strains of mice and guinea pigs ([@r022]).

Therefore instead of synthetic antioxidants, natural antioxidants attract great attention because of their safety. Several studies have been reported that natural resources such as vegetables, herbs, and fruits are excellent antioxidants ([@r014]; [@r021]). Many protective constituents derived from those plant materials, including selenium and other mineral micronutrients, carotenoids, phytoestrogens, glucosinolates and indoles, dithiolthiones, isothiocyanates, protease inhibitors, fibre, folic acid, and phenolic compounds are important attributors on their remarkable radical scavenging activity ([@r030]). Many natural antioxidants have been reported on their positive effects on the lipid oxidation inhibition in meat products, for example, tea leaf extract ([@r011]) and white grape extract ([@r012]).

*Allium* species contain an abundance of organo-sulfur compounds, volatile sulfur compounds, proteins, prostaglandins, fructan, vitamins, and polyphenols, and particularly, its sulfur and numerous phenolic compounds make them great of interest ([@r008]). *Allium hookeri* which is a member of family *Alliaceae* subgenus *Amerallium*, is found in Ceylon, Greece, Yunnan, Southern China, Bhutan, Sri Lank, and India. These plants have been used by the locals to treat cough and cold, and heal burns and wounds ([@r034]).

Several studies have demonstrated antioxidant activity and anti-inflammatory effect of *Allium hookeri* ([@r003]; [@r016]; [@r039]), however, there is still insufficient information available on many factors such as extraction condition, its influences on contents of antioxidant compounds, and application in the meat product. Thus, this study was conducted to optimize extraction condition of *Allium hookeri*root and determine the lipid oxidation inhibitory effect of *Allium hookeri* root extract on raw sulfur-fed pig patties during storage to obtain a possibility as a natural preservative replacement.

Materials and Methods {#s2}
=====================

Materials and chemical {#s2a}
----------------------

Commercial *Allium hookeri* roots were purchased from Samchaenara Co. (Korea) and freeze dried at Dongil Cold Storage & Foods Co. (Korea). Pork loin, processed sulfur-fed pork loin, and pork backfat were purchased to prepare pork patties from a local slaughterhouse in Seoul, Korea. Chemicals including Folin-Ciocalteu's phenol reagent, sodium carbonate, aluminium chloride, quercetin, 2.2-dipnenyl1-1-picrylhydrazyl (DPPH), 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), trichloroacetic acid (TCA), 2-thiobarbiuric acid (TBA), and 1,1,3,3-tetraethoxypropane (TEP) were purchased from Sigma (Sigma-Aldrich, USA). Other chemicals including potassium persulfate and gallic acid were purchased from Samchun (Samchun pure chemical Co., Ltd., Korea) and Kanto (Kanto chemical Co., Inc., Japan), respectively.

Preparation of *Allium hookeri* root extract (AHE) {#s2b}
--------------------------------------------------

Freeze dried *Allium hookeri* roots were ground using a blender (HM-310, Hanil Electric, Korea). A 2 g of *Allium hookeri* root powder was taken into 100 mL of different concentration of ethanol (0, 20, 40, 60, 80, or 100%) at room temperature and extracted with different extraction time (1, 2, 4, 8, or 12 h) in a shaker, respectively. The extracts were filtered through Whatman filter paper (No. 2) and used for total phenolic content, total flavonoid content, DPPH, and ABTS radical scavenging activity determination to assess optimal extraction condition.

As AHE extracted with 0% ethanol (pure water) for 1 h showed higher antioxidant activity than other groups, it was used for further study to measure its inhibitory effect on lipid oxidation in raw pork patties. This filtered extract was then evaporated with a rotary evaporator (EYELA N-1000, Rikakikai, Japan) at 40℃ and was reconstituted into extraction solvent.

Determination of total phenolic and total flavonoid contents {#s2c}
------------------------------------------------------------

Total phenolic content of AHE was measured using Folin-Ciocalteu method described by [@r035] with minor modifications. Briefly, 0.5 mL of AHE was reacted with 2.5 mL of 0.2 N Folin-Ciocalteu's phenol reagent for 5 min at room temperature. This mixture was mixed with 2 mL of 7.5% (w/v) sodium carbonate for 2 h at room temperature and the absorbance was read at 760 nm with a spectrophotometer (Optizen 2120UV, Mecasys Co., Ltd., Korea). Total phenolic content was calculated using a standard curve of gallic acid (0-200 mg/L) and was expressed as mg of gallic acid equivalents (GAE) per gram dry material.

For determination of total flavonoid content, the Dowd method was used described by [@r023] with minor discrimination. Briefly, 1.5 mL of AHE was reacted with 2% (w/v) aluminium chloride for 10 min at room temperature and the absorbance was read at 415 nm. Total flavonoid content was determined by a standard curve of quercetin (0-50 mg/L) and was expressed as mg of quercetin equivalents (QE) per gram dry material.

Determination of DPPH and ABTS scavenging activity {#s2d}
--------------------------------------------------

The DPPH scavenging activity of AHE was evaluated according to [@r024] with minor modifications. A 1.25 mL of each AHE extract with different extracting conditions and 0.5 mL of 0.3 mM DPPH solution dissolved in 95% ethanol were mixed thoroughly and after incubated in the dark for 30 min, the absorbance was read at 518 nm.

The ABTS scavenging activity was determined by the method described by [@r028] with minor modifications. Briefly, 7 mM ABTS stock solution was mixed with 2.45 mM potassium persulfate (final concentration) and incubated for 12 h in the dark at the room temperature to prepare ABTS^•+^ working solution. This working solution was diluted with phosphate-buffered saline (pH 7.4) to obtain an absorbance of 0.7±0.02 at 732 nm. A 1.8 mL of diluted working solution and 0.2 mL of test sample were mixed, incubated for a minute, and finally the absorbance was read at 732 nm.

The DPPH and ABTS scavenging activity values were calculated as follows:

DPPH or ABTS scavenging activity (%) = \[(A~0~ -- A~1~)/ A~0~\] × 100

A~0~ was the absorbance of the control which was DPPH or ABTS^•+^ solution with extracting solution only and A~1~ was the absorbance of each sample.

Preparation of pork patties {#s2e}
---------------------------

The excessive fat and connective tissue of pork loin (P) and sulfur-fed pork loin (SP) were removed from the meat. P and SP meat were ground through 5 mm plates respectively with 20% pork backfat. Ground SP (20% fat) mixed with 20 g/kg NaCl divided into 4 portions for different AHE treatment, including control (SP0, no AHE), 1% AHE (SP1), 3% AHE (SP2), 0.05% ascorbic acid with no AHE (SP3). Ground P (20% fat) mixed with 20 g/kg NaCl was used as a control (P0) against to SP0. Each mixture portion with different treatment was mixed and formed into patties (1,001 g each) using 1590 mm sterilized petri dishes. Patties were than packaged using a linear low-density polyethylene film and stored in a refrigerator at 4℃ for 14 d. For each treatment, 20 patties were prepared and for each storage period, 5 patties were used for experiments.

pH {#s2f}
--

A 2 g of each patty was taken with 18 mL of distilled water and homogenized for 1 min. The pH values of patties were measured using a pH meter (pH 900, Precisa Co, UK).

Color {#s2g}
-----

Changes in surface color of raw pork patties during storage were measured using a colorimeter (Chroma meter CR-400, Konica Minolta Optics, Inc., Japan). The color was expressed with CIE L\* (lightness), a\* (redness), and b\* (yellowness) color values.

Conjugated dienes (CD) {#s2h}
----------------------

Determination of CD concentration was performed by the method of [@r027] with minor modifications. Briefly, 0.5 g of each sample was homogenized with 5 mL of distilled water and 0.5 mL aliquot of each suspension was mixed with 5 mL of hexane/isopropanol (3:2, v/v) for 1 min. Mixtures were centrifugated at 2,000 g for 5 min and the supernatants were read at 233 nm. Concentration of CD was calculated with the molar extinction coefficient of 25,500 M^-1^cm^-1^ and the result was expressed as ìM per mg sample.

Thiobabrituric acid reactive substances (TBARS) values {#s2i}
------------------------------------------------------

Lipid oxidation of raw patties was evaluated by the method according to [@r038]. In brief, 10 g of sample was homogenized with 50 mL of 10% (w/v) TCA for 1 min and this mixture was adjusted to 50 mL with distilled water. The dispersion was filtered and after 5 mL of the filtrate was mixed with 5 mL of TBA (2.88 g/L H~2~O), it was heated in a boiling water bath for 10 min to develop the rose-pink color. After cooling down the mixture to room temperature, the absorbance was read at 532 nm. TBARS values were calculated using a standard curve (8-50 nM) of malondialdehyde (MDA) prepared by acidification of TEP. The TBARS value was expressed as mg of MDA per kg test sample.

Statistical analysis {#s2j}
--------------------

All experiments were conducted in triplicate and values were analysed by analysis of variance (ANOVA) using PASW Statistics 18 (PASW 18, SPSS Inc., USA) formerly known as SPSS. Means were compared using Tukey procedure at a significance level of *p*\<0.05.

Results and Discussion {#s3}
======================

Total phenolic and total flavonoid contents of AHE {#s3a}
--------------------------------------------------

Total phenolic and total flavonoid contents were measured as an attempt to investigate the relationship between different antioxidant activities of AHE. As shown in [Fig. 1A](#f001){ref-type="fig"}, total phenolic and total flavonoid contents decreased as concentration of ethanol was increased. The lowest total phenolic and total flavonoid contents were 1.72±0.105 mg GAE/g and 0.01±0.008 mg QE/g, respectively, when pure ethanol was used for extraction. The highest total phenolic content was observed when extracted with pure water (4.85±0.135 mg GAE/g), however no significant difference was observed with 20% and 40% ethanol extracts (*p*\>0.05). The highest total flavonoid content was measured when extracted with pure water (0.15±0.007 mg QE/g) which was significantly different (*p*\<0.05).

![**Total phenolic content and total flavonoid content of *Allium hookeri* root extract (AHE) depending on (A) concentration of ethanol in water (%) and (B) extraction time (water extracted).** Values are expressed as mean±SD of three replicates. ^A-D^Means with different letters are significantly different (*p*\<0.05). ^a-d^Means with different letters are significantly different (*p*\<0.05).](kosfa-35-41-f001){#f001}

The influence of extraction time on total phenolic and total flavonoid contents of AHE is shown in [Fig. 1B](#f001){ref-type="fig"}. Total phenolic content slightly increased until 2 h of extraction time, but no significant difference (*p*\>0.05) was observed, and total flavonoid content showed the highest value (0.12±0.003 mg QE/g) with 1 h extraction (*p*\<0.05).

In this study, AHE with pure water for 1 h extraction was the efficient extraction condition then others on the aspect of total phenolic and total flavonoid contents. In addition, it was noteworthy that the total phenolic content of water extracted AHE was higher than that of garlic (*Allium sativum*) extract (1455.9 mg/100 g) which was reported by [@r015].

DPPH and ABTS scavenging activity of AHE {#s3b}
----------------------------------------

Extraction efficacy of AHE determined by the method of DPPH and ABTS is shown in [Fig. 2](#f002){ref-type="fig"}. Increment of ethanol concentration negatively influenced the DPPH and ABTS antioxidant activity ([Fig. 2A](#f002){ref-type="fig"}). From the DPPH method, radical scavenging activity of AHE was similar up to 60% ethanol extraction, however it started to decrease significantly (*p*\<0.05) with 80% and 100% ethanol extraction. ABTS showed similar profile with decreased antioxidant activity values after 60% ethanol extraction (*p*\<0.05). Both values of DPPH and ABTS were approximately 80% when extracted up to 40% ethanol with no significant difference (*p*\>0.05). Thus, the overall results of total phenolic content, total flavonoid content, DPPH, and ABTS antioxidant activity suggested that pure water was the optimal extraction solvent with a safety benefit in the food industry. In addition, there are several studies on antioxidant activity evaluation and antioxidant components identification of water soluble fraction of *Allium* species. [@r040] compared lipophilic and hydrophilic antioxidant capacities of over 100 different kinds of foods including *Allium* species such as garlic and onion and reported that garlic powder, onion powder, yellow onion (Cooked and raw both), raw sweet onion, and raw red onion all showed higher hydrophilic antioxidant capacities than lipophilic antioxidant capacities. This high radical scavenging activity may be due to water-soluble antioxidant compounds. [@r031] stated phenolic compounds in *Alliums* such as quercetin 4\'-O-β-glucoside, quercetin 3,4\'-O-β-diglucosides are considered to contribute to their health-promoting properties. [@r007] also isolated flavons (chrysoeriol-7-O-\[2\"-O-E-feruloyl\]-β-D-glucoside, chrysoeriol, and isorhamnetin- 3-b-D-glucoside) from water-soluble fraction of *Allium* *vineale* and reported their significant antioxidant activity. From those studies, higher antioxidant activity of water extracted AHE than ethanol-water mixture extract AHE may due to such phenolic compounds and flavonoids.

![**DPPH and ABTS antioxidant activity of *Allium hookeri* root extract (AHE) depending on (A) concentration of ethanol in water (%) and (B) extraction time (water extracted).** Values are expressed as mean±SD of three replicates. ^A-C^Means with different letters are significantly different (*p*\<0.05). ^a-c^Means with different letters are significantly different (*p*\<0.05).](kosfa-35-41-f002){#f002}

Water extracts differed by extraction time (1-12 h) also influenced the DPPH and ABTS radical scavenging activity ([Fig. 2B](#f002){ref-type="fig"}). More than 2 h of extraction negatively affected the DPPH and ABTS antioxidant activity. Although, 1 and 2 h extracts showed similar DPPH, ABTS antioxidant activity, and total phenolic content (*p*\>0.05), 1 h extract was selected because of its higher total flavonoid content with the benefit of saving time.

Solvent extraction has been widely used to recover antioxidant substances such as phenolic compounds from plant materials, and different solvents (ethanol, methanol, and ethyl acetate etc.) are selected depending on their chemistry characteristics and polarities of target materials from plant materials ([@r025]; [@r036]). In addition, different composition of various antioxidants makes harder to find a proper extraction solvent, however, mixtures of ethanol and water with various ratios were used in the present study due to the potential application in the food industry. Thus, water extraction for 1 h was used as an optimal condition for the following study of sulfur-fed pork patties.

AHE effects on pH of pork patty {#s3c}
-------------------------------

The pH changes during refrigerated storage in patties are shown in [Fig. 3](#f003){ref-type="fig"}. The pH values showed increment tendencies in all treatment groups ranging from the lowest value at 5.54 to the highest value at 6.60 during storage period. The pH increased slightly between the storage d of 0 and 7, but dramatic rise of pH value was observed between storage d of 7 and 14. On d 14, AHE and ascorbic acid treated groups showed significantly lower pH values than P0 and SP0. [@r026] reported the similar increment tendency of the pH value in pork patties treated with onion (*Allium cepa*) extract during chilled storage. According to [@r009], increased pH may due to proteolytic activities of microorganisms and its by-products including ammonia, sulphides, indole, scatole, and amines. Therefore, it may indicate that the meat could be spoiled and this explanation is also in accordance with the report of [@r010] who observed increased pH in pork meat during storage due to the accumulation of biogenic amines. Hence the lower pH values of AHE treated groups (SP1 and SP2) than that of non-AHE treated groups may be due to the antimicrobial activity of AHE which was mentioned by [@r002] and [@r018] also stated about antimicrobial components of *Allium* species such as thiosulfinates, dialk(en)yl sulphides, ajoene, heterocyclic sulfur compounds, allyl alcohol, and 3-(allyltrisulfanyl)-2-aminopropanoic.

![**Effects of Allium hookeri root extract (AHE) on pH values of raw sulfur-fed pork patties, and pH values of raw normal pork patties during 14 d of storage at 4℃.** Values are expressed as mean±SD of three replicates. P0, normal pork patties; SP0, sulfur-fed pork patties; SP1, sulfur-fed pork patties with 1% *Allium hookeri* root extract; SP2, sulfur-fed pork patties with 3% *Allium hookeri* root extract; SP3, sulfur-fed pork patties with 0.05% ascorbic acid. ^a-c^Means with different letters on the same storage day are significantly different (*p*\<0.05).](kosfa-35-41-f003){#f003}

AHE effects on color of pork patty {#s3d}
----------------------------------

Changes in L\*-, a\*-, and b\*-values of pork patties are presented in [Table 1](#t001){ref-type="table"}. There were no significant differences in lightness (L\*-value) among all groups on the initial d of measurement (*p*\>0.05). Storage time also did not affect the lightness (*p*\>0.05). Redness (a\*-value) of the AHE treated groups were significantly (*p*\<0.05) lower compared to non-treated groups, showing higher AHE concentration lowered the redness due to the yellowish brown color of AHE. Redness decreased until 3-7 d of storage in all experiment groups (*p*\<0.05), however, P0 showed the largest decrement on redness and decreased steadily for whole storage period (*p*\<0.05). [@r033] reported that decrement of redness during storage was possibly due to oxidation of myoglobin (bright red) into metmyoglobin (brown), which may be related to lipid oxidation. AHE treated groups showed slightly higher values on yellowness (b\*-value) due to the color of AHE on the first d of measurement, however, there were no significant differences among all treatment groups (*p*\>0.05) and storage time also did not influence the yellowness (*p*\>0.05).

###### Effects of *Allium hookeri* root extract (AHE) on color (CIE L\*-, a\*-, and b\*- values) of raw sulfur-fed pork patties, and color of raw normal pork patties during 14 d of storage at 4℃^1^

  Parameters   Storage periods (d)   Treatments^2^                                                              
  ------------ --------------------- ----------------- ------------------ ------------------ ------------------ -----------------
  L\*-value    0                     63.64±0.775^Aa^   63.31±1.456^Aa^    63.63±0.276^Aa^    61.95±0.915^Aa^    61.38±0.981^Aa^
  3            63.48±0.789^Aa^       63.44±0.750^Aa^   63.34±1.098^Aa^    61.73±0.176^Aa^    61.73±0.291^Aa^    
  7            63.41±0.083^ABa^      63.84±0.549^Aa^   63.47±0.887^Aa^    61.77±0.785^BCa^   61.56±0.486^Ca^    
  14           63.51±0.123^Aa^       63.36±0.996^Aa^   63.09±0.384^ABa^   61.15±1.174^Ba^    61.54±0.592^ABa^   

^1^Values are expressed as mean±SD of three replicates.

^2^P0, normal pork patties; SP0, sulfur-fed pork patties; SP1, sulfur-fed pork patties with 1% *Allium hookeri* root extract; SP2, sulfur-fed pork patties with 3% *Allium hookeri* root extract; SP3, sulfur-fed pork patties with 0.05% ascorbic acid.

^A-D^Means within a row with different letters differ significantly (*p*\<0.05).

^a-c^Means within a column with different letters differ significantly (*p*\<0.05).

AHE effects on conjugated dienes and TBARS value of pork patty {#s3e}
--------------------------------------------------------------

Effects of AHE on the formation of CD during refrigerated storage are shown in [Fig. 4](#f004){ref-type="fig"}. The concentration of CD is an index of the production of hydroperoxides at the early stage of lipid oxidation and these hydroperoxides are continuously decomposed to secondary products which can be measured by TBARS method as seen in this study ([@r027]). SP0 showed lower formation of CD compared to P0 until 7 d of storage (*p*\<0.05). Addition of AHE and ascorbic acid (SP1, SP2, and SP3) also affected the formation of CD, resulting in significantly lower (*p*\<0.05) production of CD on patties than that of non-AHE added on d 7 (P0 and SP0) and negative correlation between production of CD and AHE level was demonstrated (r=-0.805, *p*=0.01). This result was possibly caused by the antioxidant activity of AHE containing phenolic compounds and flavonoids. [@r020] reported similar tendency of CD concentration in the raw ground pork meat treated with mustard leaf (*Brassica juncea*) *kimchi* extracts due to the antioxidant activity of the extract. The concentration of CD decreased rapidly after 7 d of storage which was observed in all experimental groups. [@r005] suggested that decrement of CD concentration was due to the faster decomposition rate of CD into secondary products than the formation rate of CD.

![**Effects of *Allium hookeri* root extract (AHE) on the concentration of conjugated dienes (CD, μM/mg of sample) of raw sulfur-fed pork patties, and the concentration of CD of raw normal pork patties during 14 d of storage at 4℃.** Values are expressed as mean±SD of three replicates. P0, normal pork patties; SP0, sulfur-fed pork patties; SP1, sulfur-fed pork patties with 1% *Allium hookeri* root extract; SP2, sulfur-fed pork patties with 3% *Allium hookeri* root extract; SP3, sulfur-fed pork patties with 0.05% ascorbic acid. ^a-d^Means with different letters on the same storage day are significantly different (*p*\<0.05).](kosfa-35-41-f004){#f004}

The influences of AHE on TBARS values are presented in [Fig. 5](#f005){ref-type="fig"}. The TBARS values were significantly affected (*p*\<0.05) by storage time and addition of AHE. On d 0, TBARS values of all treatments were significantly lower than P0 (*p*\<0.05), however, there were no significant differences except for P0 (*p*\>0.05). The TBARS values increased until 7 d of storage. On d 7, P0 showed the highest TBARS value than other treatment groups (*p*\<0.05) and there were no significant differences among SP0, SP1, and SP2. SP3 showed the lowest TBARS value which was the positive control. P0 was more susceptible to lipid oxidation than SP0 until 7 d of storage. The result could suggest that sulfur-fed pork meat is more stable on lipid oxidation at least during primary storage of week. A study conducted by [@r019] also reported similar profile of TBARS values during 8 d of chilled storage, suggesting that the raw meat of dietary methylsulfonylmethan (MSM) supplemented pigs were more resistant to lipid oxidation than that of non-MSM supplemented pigs. On d 14, TBARS values of all the treatment groups dramatically increased (*p*\<0.05). This result is in accordance with the changes in CD concentration in the present study. While CD hydroperoxides decreased being decomposed into secondary product of malondialdehyde, the TBARS values increased between 7 and 14 d of storage. [@r027] also stated similar results comparing CD and TBARS values in cooked pork patties during 7 d of chilled storage. On d 14, P0 showed the highest TBARS value followed by SP0, however there was no significant difference between them (*p*\>0.05). SP2 showed a significantly lower TBARS value than SP1 (*p*\<0.05) and SP3 was the lowest one due to the antioxidant effect of ascorbic acid (*p*\<0.05). AHE effectively retarded the lipid oxidation in sulfur-fed pork patties which are proportion to the concentration of AHE against non-AHE treated patties as demonstrated by the negative correlation between TBARS and AHE level (r=-0.910, *p*=0.001).

![**Effects of *Allium hookeri* root extract (AHE) on thiobarbituric acid reactive substance (TBARS) values of raw sulfur-fed pork patties, and TBARS values of raw normal pork patties during 14 d of storage at 4℃.** Values are expressed as mean±SD of three replicates. P0, normal pork patties; SP0, sulfur-fed pork patties; SP1, sulfur-fed pork patties with 1% *Allium hookeri* root extract; SP2, sulfur-fed pork patties with 3% *Allium hookeri* root extract; SP3, sulfur-fed pork patties with 0.05% ascorbic acid. ^a-d^Means with different letters on the same storage day are significantly different (*p*\<0.05).](kosfa-35-41-f005){#f005}

The inhibitory effect of lipid oxidation on SP1 and SP2 may be related to high contents of phenolic compounds and flavonoids with excellent radical scavenging activity of water extracted AHE which is presented in this study ([Fig. 1](#f001){ref-type="fig"} and [Fig. 2](#f002){ref-type="fig"}). [@r039] also evaluated antioxidant and anti-inflammatory components of *Allium hookeri* such as saponin, polypnehols, and flavonoids like quercetin. In addition, some sulfur containing compounds in *Allium hookeri* root characterized by high performance liquid chromatography-electrospray ionization-mass spectrometry were potent attributors on retardation of lipid oxidation of AHE added pork patties ([@r029]).

Conclusions {#s4}
===========

In this study, water extraction for 1 h was selected as an optimal condition to extract *Allium hookeri* root showing excellent recovery of phenolic compounds, flavonoids and antioxidant activity. AHE added into sulfur-fed pork patties effectively inhibited lipid oxidation rate during storage period due to its antioxidant activity. Thus, the results suggest that the potential usage of AHE as a natural preservative for its radical scavenging activity and positive effect on longer shelf life in food system.
